146 we observed that deletion of ddcA in a ctpA or ddcP mutant resulted in increased sensitivity to 147 MMC (Fig 2A) . To test this hypothesis further, we tested the effect of deletion of ddcA in a 148 ΔddcP, ΔctpA double mutant on MMC sensitivity. We found that deletion of ddcA resulted in 149 increased MMC sensitivity relative to the double protease mutant (Fig 2B) , suggesting that DdcA 150 functions independently of both DdcP and CtpA. We then asked if yneA was responsible for the 151 phenotype of ΔddcA in the absence of the checkpoint recovery proteases. Strikingly, we found 152 that the sensitivity of the triple mutant was mostly dependent on yneA, but at elevated 153 concentrations of MMC, there was a slight but reproducible difference when ddcA was deleted in 154 the ΔddcP, ΔctpA, ΔyneA∷loxP mutant background ( Fig 2B) . Taken together, with these data we 155 suggest that DdcA functions independently of checkpoint recovery proteases, but negatively 156 regulates the checkpoint enforcement protein YneA.
157 In our previous study we found that the checkpoint recovery proteases could substitute for each 158 other [38] , we therefore asked if DdcA could function in place of the checkpoint recovery 159 proteases or if the proteases could function in place of DdcA. To test this idea, we overexpressed 160 ddcP and ctpA in a ΔddcA mutant and found that neither protease could rescue a ddcA deletion 161 phenotype (Fig 3A) . We also found that expression of ddcA in the double protease mutant could 162 not rescue the MMC sensitive phenotype (Fig 3B) . Further, expression of ddcP or ctpA were 163 each able to partially complement the phenotype of the triple mutant, but expression of ddcA had 164 no effect at higher concentrations of MMC ( Fig 3B) . As a control, we verified that 165 overexpression of ddcA using high levels of xylose (0.5% xylose) could complement a ΔddcA 166 mutant (Fig S2) . We also found that at lower concentrations of MMC, expression of ddcA could 167 rescue the ddcA deficiency of the triple mutant resulting in a phenotype indistinguishable from 168 the double protease mutant (Fig 3C) . Given that DdcA cannot substitute for DdcP and CtpA, we 169 considered the possibility that YneA protein levels increased in the absence of ddcA. We tested 170 this by monitoring YneA protein levels following MMC treatment and after recovering from 171 MMC treatment for two hours. Deletion of ddcA alone did not result in a detectable difference in 172 YneA protein levels compared to WT (Fig S3) . Further, deletion of ddcA in the double protease 173 mutant also did not result in an increase in YneA protein levels relative to the double protease 174 mutant with ddcA intact (Fig S3) . With these data we conclude that DdcA has a function distinct 175 from that of the checkpoint recovery proteases. We also conclude that DdcA does not regulate 176 YneA protein abundance.
177 ddcA deletion results in sensitivity to yneA overexpression independent of YneA stability 178 Prior work established that overexpression of yneA resulted in growth inhibition [21, 22] . Indeed, 179 we found that the double checkpoint recovery protease mutant was considerably more sensitive 180 than the wild type strain to yneA overexpression [38] . Given that DdcA has a function distinct 181 from DdcP and CtpA and that YneA protein levels did not increase when ddcA was deleted, we 182 initially hypothesized that a ddcA mutant would not be sensitive to yneA overexpression. In 183 contrast, we found that the ΔddcA mutant was more sensitive to yneA overexpression than WT 184 (Fig 4A) , and that deletion of ddcA in the double protease mutant background resulted in 185 exquisite sensitivity to yneA overexpression (Fig 4A) . We asked whether YneA protein levels 186 changed under these conditions, and again there was no detectable difference when ddcA was 187 deleted alone or when combined with the double protease mutant (Fig 4B) . We also considered 188 the possibility that DdcA could affect the stability of YneA rather than the overall amount. To 189 test this idea, we performed a translation shut-off experiment and monitored YneA stability over 190 time. We induced expression of yneA in the double protease mutant with and without ddcA and 191 blocked translation. We found that YneA protein abundance decreased at a similar rate In order to experimentally determine the location of DdcA, we generated GFP fusions to 236 the N-and C-termini of DdcA. We tested whether GFP-DdcA and DdcA-GFP were functional 237 by assaying for the ability to complement a ddcA deletion. We found that GFP-DdcA was 238 capable of complementing a ddcA deletion in the presence or absence of xylose for induced 239 expression (Fig 6A) , similar to that observed with untagged DdcA (Fig 1) . In contrast, DdcA-240 GFP was partially functional, because complete complementation was only observed when 241 expression of ddcA-gfp was induced using xylose, but not in the absence of xylose ( Fig 6A) . As a 242 control we asked if we could detect free GFP via Western blotting using GFP specific antiserum.
243 We did not detect the fusion proteins in lysates if expression was not induced using xylose. We 244 found that both DdcA fusions were detectable at their approximate molecular weight of 67.6 kDa 245 when induced with 0.05% xylose (Fig 6B) , though we did see that the C-terminal fusion had a 246 slight increase in mobility ( Figure 6B , arrowhead). Importantly, we did not detect a significant 247 band near 25 kDa, the approximate size of GFP (Fig 6B) , suggesting that GFP is not cleaved 248 from DdcA. We did detect a very faint proteolytic fragment (Fig 6B, arrow) that seemed to occur 249 during the lysis procedure. After establishing the functionality and integrity of the GFP-DdcA 250 fusion we chose to visualize DdcA localization via fluorescence microscopy.
251
To compare the background fluorescence of B. subtilis cells, we imaged WT (PY79) cells 252 under the same conditions as the GFP-DdcA fusion strain. We found a low level of background 253 fluorescence in WT cells, and when a line scan of fluorescence intensity through a cell was 254 plotted there was a very slight increase in signal intensity in the span between the fluorescent 255 membrane peaks (Fig 6C) . The GFP-DdcA fusion was detectable throughout the cell at very low 256 levels in the absence of xylose induction, with the intensity being slightly greater than WT cells 257 ( Fig 6C) . We then imaged cells under conditions in which gfp-ddcA expression was induced with 281 demonstrating diffuse intracellular fluorescence (Fig 7B) , which we suggest is free GFP 282 generated by the checkpoint recovery proteases after YneA cleavage. Deletion of ddcA alone did 283 not affect GFP-YneA localization, with both WT and ΔddcA strains having similar mid-cell 284 localization frequencies (Fig 7B) . The absence of both checkpoint recovery proteases resulted in 285 puncta throughout the plasma membrane (Fig 7B) . Intriguingly, deletion of ddcA in addition to 286 the checkpoint recovery proteases resulted in severe cell elongation, however, GFP-YneA 287 localization was not affected (Fig 7B) . The difference in cell length was quantified by measuring 288 the cell length of at least 600 cells following growth in the presence of 0.1% xylose for 30
289 minutes. The cell length distributions of strains lacking ddcA or ddcP and ctpA were no different 290 from the WT control (Fig 7C) . The distribution for the strain lacking ddcA, ddcP, and ctpA had a 291 significant skew to the right indicating greater cell lengths (Fig 7C) . The percentage of cells 292 greater than 5 μm in length was approximately 22% for the triple mutant and significantly greater 293 than the other three strains in which approximately 1% of cells were greater than 5 μm (Table 1) .
294 As a control, we determined the cell length distributions prior to xylose addition and found all 295 four strains to have similar cell length distributions in the absence of xylose (Fig 7C) . We 296 conclude that DdcA inhibits the activity of YneA without affecting its localization.
297 Discussion 298 A model for DNA damage checkpoint activation and recovery 299 The DNA damage checkpoint in bacteria was discovered through seminal work using E. coli as a 300 model organism [7] . An underlying assumption in the models is that the input signal of RecA 301 coated ssDNA and the affinity of LexA for its binding site is sufficient to control the rate of cell 302 division in response to DNA damage. A finding that the initiator protein, DnaA, controls the 303 transcription of ftsL, and as a result the rate of cell division, in response to replication stress, gave 304 a hint that coordination of cell division and DNA replication may be more complex [39] . Here, 305 we elaborate on the complexity of regulating cell division in response to DNA damage by 306 uncovering a DNA damage checkpoint antagonist, DdcA (Fig 8) . (Fig 3) . As a result, we hypothesize that DdcA acts by 320 preventing YneA from accessing its target. We tested for an interaction between YneA and 321 DdcA using a bacterial two-hybrid assay and we were unable to identify an interaction with full 322 length or a cytoplasmic "locked" YneA mutant lacking its transmembrane domain (Fig S5) . We 323 also ruled out the hypothesis that DdcA affects the subcellular localization of YneA using a 324 GFP-YneA fusion, which had similar localization patterns with and without ddcA (Fig 7B) . 
